The present paper is an attempt to determine the parameters of air-ions in salt mines. The investigations were aimed at determination of the degree of ionization of air in places where cosmic ray particles do not arrive at. Specically, measurements were performed in healing chambers in salt mines where establishment of standards in the healing process should be considered as the necessity. Preliminary investigations were carried out in three salt mines using the Gerdien ion counter, with sensitivity approximately of 20 ions/cm 3 . The studies have shown that concentrations of small air-ion are in the range of 12004700 ions/cm 3 and remain persistently in adits and medicinal chambers of this mine. It means that the air in the Wieliczka Salt Mine is several times more saturated with air-ions as compared to the neutral atmosphere background. According to the existing standards, this ionization level is not only deemed acceptable but also optimal for humans. Because results of unsystematic measurements of ion concentrations performed in dierent Polish salt mines are quite similar, it is assumed that the results presented in this paper are of universal character, and that comparable ionization level in the all mines would be expected. Due to this fact, it was decided that only one of them Wieliczka Salt Mine (Poland) can be selected for further detailed research.
Introduction
The measurements of air-ion concentration were performed in open air [13] , forests [2] , at sea [3, 4] , in closed spaces such as rooms with people and without people and in rooms with medical equipment etc. [5, 6] . The inuence of charged particles on selected organisms was also studied [711] . During the measurements carried out in various spaces, particular attention was paid to which levels of ionization, for whatever reason, could be unnatural. This applies to ship cabins for example [12] or, what the topic of this paper constitutes, salt mines. These are the places, where the particles of cosmic rays ionize the atmosphere, can no longer get to. However, in those same places, ionization can be higher, due to the high air purity [1315] .
Studying of air-ions concentration in the salt mines (not only Wieliczka) is crucial because of the unusual conditions that occur in the underground chambers and tunnels. In theory it can cause the values of this parameter to no longer be within the ranges determined by the appropriate norms (Table I) raise many doubts (this issue is discussed in detail in the paper [16] ), though formally still in force. Therefore, this observance is one of the essential conditions in order to, among others, enable the underground healing chambers * e-mail: awisz@gumed.edu.pl to acquire a sanatorium status. The above norms are established exclusively in reference to the so-called small air-ions this is consistent with current theories, according to which only this type of ionized air particle inuences various organisms, including humans [2, 7, 1619] . The criterion, according to which air ions are divided into small and heavy (their concentrations are indicated by the letters n and N, respectively), is connected with a second parameter of ionized particles, known as mobility (µ). It is dened as the ratio of the additional velocity component (independent of thermal velocity), which air ions gain in the electric eld.
Usually the name small air-ion is given to ionized particles which have the mobility of µ > 0.01 cm [17, 20] ).
Methods
Change of air-ions concentration was measured using a Gerdien ion counter (i.e. integral air-ion meter (1661) Fig. 1 ). The idea of measurement involves counting of air-ions reaching the electrode disposed centrally within the cylinder, through which the air ows. The relatively high inlet ow rate, the large diameter of the chamber (12 cm), and length of the electrode (32 cm) allowed us to reduce signal uctuations, to obtain a greater sensitivity and to record charged particles over a relatively wide spectrum of ion mobility.
The used air-ion meter may not register heavy ions of the low mobility those which can traverse the whole chamber without reaching the collecting electrode 4. It is further complicated by the fact that particles having the same mobility can still reach the collecting electrode 4, provided they are introduced to the chamber closer to its centre.
Due to the fact that the integral air-ion meters can only partially register heavy air-ions is associated with an important parameter of these devices, i.e. critical mobility value (µ l ). This determines the mobility value above which a given device registers 100% of air-ions (ionized particles of µ < µ l are also registered, but their percentage is dicult to estimate). The critical mobility value depends on the geometrical parameters of the measuring chamber (most importantly: length and cross-section radius) and voltage applied to the electrode 3 ( Fig. 1 ).
This limitation, resulting from the existence of a critical mobility, can be overcome by determining the spectrum of the ion current (the construction and principle of the operation of this type of detectors dierential air-ion meters, have been thoroughly discussed in the paper [7] ). However, then another diculty arises.
The determination of a single ion current spectrum takes from about dozen minutes to half an hour.
These problems did not inuence the measurements conducted in the salt mines. Spectra of the ion currents determined in dierent places were practically everywhere identical and showed the absence of any impurities. Therefore, determination of this parameter is limited to only a few measurements. In addition, the setting for integral air-ion meters of the critical mobility value µ l = 0.001 cm 2 V −1 s −1 ensured the registration of all small air-ions which have an impact on living organisms.
Measuring instruments, used to determine air-ions concentration in the Wieliczka Salt Mine, were produced at the Institute of Nuclear Physics in Kraków (INP).
They allow the detection of ionized particles starting at level 20 ions/cm 3 .
Preliminary research showed that levels of density of ionized particles were relatively high at all the measuring points (several times higher than above ground), as the consequence of the high air purity. To conrm or reject this assumption, an additional single measurement was performed by the dierential air-ion meter, allowing the allocation of the air-ion spectrum. Because the study conducted in the Dragon chamber fully conrmed the fact that the air in the mine is free from any significant contamination, further measurements were taken with the integral air-ion meter. Only one or two persons from the research team were present in the chambers during the measurements.
Results
The values of air-ion concentration (negative n Table II . 2460 ± 150 1520 ± 380 n − , n + air-ions concentration.
The ranges of change of air-ion concentrations (±) given in Table II Table II .
Discussion
The data in Table I The persistence of a greater air-ions concentration in the Dragon chamber is due to the fact that it is a completely unused space surrounded by unused tunnels, not visited by people and without any equipment. As a result, the purity of the air is greater. 
